Introduction
the genus Salvia has been used in treatment of different diseases from ancient times (7) . the species from this genus possess strong antimicrobial, antioxidant, antitumour, antiinflammatory, hepatoprotective, acetylcholinesterase activity and are one of the best producers of terpenoids (8, 16) . Salvia scabiosifolia Lam. is a rare plant with very restricted habitats in the world. It can be found only on the Crimean Peninsula and in one isolated habitat in Bulgaria. S. scabiosifolia grows on dry and rocky soils (10) . it is included in the 1997 iucn Red list of threatened plants (18) . obtaining in vitro cultures from this threatened species would help to investigate in details its metabolites, as well to preserve it. hairy root formation caused by A. rhizogenes is not thought to be dependent on changes in the phytohormonal balance in plant cells, probably because the cells become more sensitive to auxins (4) . The T-DNA of agropine strains consists of two distinct regions, a 15-20 kb t l -DnA and a t R -DnA of similar size, while the T-DNA of mannopine strains consists of a single 34-42 kb length (14) . t R -DNA has a significant homology to the t-DnA genes from A. tumefaciens and contains genes homologous to both the auxin biosynthesis genes iaaM and iaaH and the genes encoding synthases for the opines mannopine (mas1' and mas2') and agropine (ags). Four of the potential 18 loci of the t l -DnA are essential for hairy root induction, denoted as root locus A, B, c and D (rolA, rolB, rolC and rolD) (3, 4) . An important aspect of the ability of the rol genes to induce root formation is their synergistic interaction. Each pairwise combination of rol genes (expressed from their own promoter) produces more efficient root induction than any single gene, and all genes together produce the greatest induction of root formation (11, 12) . the expression of integrated sequences results in organized cell proliferation leading to abundant root proliferation. in axenic culture transgenic roots have a fast growth rate and display increased branching with reduced apical dominance and plagiotropism (1) . They are prospective in vitro systems for bioactive substances production, since they possess high genetic and biochemical stability, exhibit high productivity and grow in media free of plant growth regulators (2, 3) . However, hairy root cultures are difficult to scale up, because of the complicated bioreactor design required, which limits their commercial exploitation (19) . in many cases it is reported that during A. rhizogenes infection along with hairy root formation a large proliferation of undifferentiated tissue at the site of infection was observed (5, 17) . This is callus which grows well on media without (15) . In this study, for the first time we report obtaining of transformed callus and cell suspension of S. scabiosifolia. Data on accumulation of oleanolic acid and ursolic acid are presented as well. 4 , and subcultured at 1-month intervals. Before transformation, the bacteria were cultivated in liquid YEB in flasks (100 mL) with 25 mL medium on a shaker (13 rad/s) at 26 ºC for 16 h. The obtained bacterial suspension was transferred to a sterile centrifuge tube and was centrifuged at 5,000 rpm for 20 min. the biomass of A. rhizogenes was suspended in MurashigeSkoog (MS) hormone-free nutrient medium (Duchefa Biochemie BV, the Netherlands), supplemented with 30 g/L sucrose, resulting in a final bacterial optical density OD 600 nm of 0.75. The bacterial suspension obtained was used for the establishment of transformed callus.
Materials and Methods

Plant material
Rhizogenic callus initiation
Leaves from S. scabiosifolia Lam. plants were sterilized by treatment with 70% ethanol for 20 sec. followed by treatment for 6 min with calcium hypochlorite (2% available chlorine) and 2 or 3 drops Tween 20, thoroughly rinsed with sterile distilled water and dried on sterile filter paper. The surface sterilized leaves were transferred on hormone-free MS nutrient medium, supplemented with 30 g/L sucrose (Duchefa, The Netherlands) and 5.5 g/l ''plant agar'' (Duchefa, the netherlands) and were directly infected with bacterial suspension with sterile needle and cultivated at 26 ºC under 16 h light and 8 h dark photoperiod. After three days infected leaves were transferred on hormone-free MS nutrient medium, supplemented with 30 g/l sucrose, 5.5 g/l ''plant agar'' and 0.20 g/l claforan (Hoechst A. S., Istanbul/Turkey) and cultivated in the same conditions. After four weeks of cultivation large proliferation of undifferentiated tissue was observed. This rhizogenic callus was isolated on MS medium free of plant growth regulators and 0.20 g/l claforan.
Suspension culture initiation and cultivation
Twenty-one day old transformed callus was transferred under sterile conditions in LS medium supplemented with 0.2 mg/l 2,4-Dichlorophenoxyacetic acid (2,4-D, Duchefa, The Netherlands) in 100 mL flasks. The cultivation was performed on a shaker (13 rad/s) at 26 ºC in dark for 10 days. Subcultivation period was 10 days and inoculum 30%.
The suspension growth was monitored by accumulated dry biomass (ADB). ADB = FDB − IDB, where ADB is accumulated dry biomass; FDB is final dry weight of the suspension; IDB is initial dry weight of the suspension, used for inoculation;
and GiDW = FDB − IDB FDB , where GIDW is growth index dry weight.
Extraction of ursolic and oleanolic acids
Lyophilized biomasses (0.1 -0.2 g) from investigated plant leaves or rhizogenic callus cultures were extracted (in triplicate) with acetone (1:10 w/v) at 45 °C under sonification. The acetone fractions were filtrated by filter paper and evaporated to dryness (at 60 °C). The residues were dissolved in 500 µL methanol (Sigma, Germany), filtrated by 22 µm filter and analyzed by hplc. and documented using a gel documentation system (BioDocit, UVP, USA). PCR products were determined by comparison to external size standard GeneRuler tM express DnA ladder (100-5000 bp), uSB corporation, uSA.
HPLC analyses
Results and Discussion
the infection of S. scabiosifolia lam. explants in vitro with A. rhizogenes Atcc 15834 led to strong proliferation of callus tissue along with appearance of hairy roots (Fig. 1A) . This rhizogenic callus was transferred to MS medium free of plant growth regulators and 0.2 g/L Claforan to eliminate the bacteria. In the next subcultivation periods, each 21 days, the callus presented vigorously growing friable white-yellowish tissue, which did not show any morphological differentiation on hormone-free MS medium (Fig. 1B) . Some authors consider that formation of transformed callus during infection with A. rhizogenes depends on the plant species and is in connection with high auxin concentration (17) .
the successful transformation of the obtained rhizogenic callus was proved by PCR amplification of rolA gene (Fig. 2) . The confirmed transfer of the rolA gene into the transformed S. scabiosifolia Lam. callus line was clear proof for its successful genetic transformation (13) .
The suspension initiation was performed by transfer of rhizogenic callus in LS medium supplemented with 0.2 mg/L 2,4-D, since LS has been proven to be very efficient in plant cell suspension initiation (6) . exogenous supply of auxins like 2,4-D promote cell suspension growth and division and its absence in some cases could stop the cell suspension regeneration (9). When cell suspension (Fig. 1C) was established after 10 days of fermentation its growth parameters were assessed (Fig. 3) . The ADB was 1.709 g/L and GIDW 1.876. HPLC analysis of terpenes content (Table 1) showed the presence only of oleanolic acid in the biomass (829.14 μg/g DB). In contrast intact plants accumulated 1717.42 μg/g DB oleanolic and 3683.15 μg/g DB ursolic acid. However, for a corrected estimation of the potential of rhizogenic callus for triterpens production the medium and culture conditions should be optimized. 829.14 -on the other hand, the changes in the metabolism of the rhizogenic callus could be due to unspecified regions of integration of the Ri-plasmid in the plant DnA (3).
Conclusions
For the first time we report successful initiation of rhizogenic callus and cell suspension cultures of S. scabiosifolia lam.
The biosynthetic potential of suspension cells was proved as well, but for its correct estimation further optimization of the process is necessary.
